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2Q WKH RWKHU KDQG DOVR PDWHULDO LQKHUHQW SURSHUWLHV KDPSHU WKH SURFHVVLQJ RI SDSHU PDWHULDOV 7KHVH DUH LWV
PDQLIROGRIWKLFNQHVVGLIIHUHQWLQJUHGLHQWVDQGILQLVKLQJIRUH[DPSOH(LWKHUDEURDGSURFHVVZLQGRZRUVSHFLDOL]HG
V\VWHPVDUHQHHGHGWRDFKLHYHDKLJKTXDOLW\ODVHUSURFHVVLQJ











7KH WKLFNQHVV DQG EDVLF RSWLFDO SURSHUWLHV DV D UHVXOW RI VSHFWURVFRSLFPHDVXUHPHQWV RI WKH WZR XVHG SDSHU
PDWHULDOV3 DQG3DUH VKRZQ LQ7DEOH7KHVH DUH VWDQGDUG FRPPHUFLDOO\ DYDLODEOHSDSHUZLWKRXW DQ\ VSHFLDO
FRDWLQJ RU ILOOHU PDWHULDO 7KH XVHGPDWHULDOV 3 DQG 3 DUH RI VLPLODU FRPSRVLWLRQ KDYH WKHUHIRUH FRPSDUDEOH












WKH URXJKVXUIDFH WKH VWUXFWXUHRI WKHSDSHU LQIOXHQFHV WKH ODVHUSURFHVVLQJDQGFDXVHVSHFLDOREVWDFOHV OLNH ORFDO
FKDQJHRIDEVRUSWLYLW\
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7DEOH7KLFNQHVVDQGRSWLFDOSURSHUWLHVRIXVHGSDSHUV
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$ ODVHU GDPDJH WKUHVKROG GHWHUPLQDWLRQZDV FRQGXFWHG DFFRUGLQJ WR -0/LX +HUH D JDXVVLDQ EHDP
VKDSH LV DQWLFLSDWHG DQG WKH SHDN IOXHQFH FRQQHFWHG WR WKH UHVXOWLQJ GLDPHWHU RI WKH GDPDJHG DUHD RQ D FHUWDLQ
PDWHULDO7KHUHVXOW LVVKRZQLQ)LJEDQG\LHOGVDGDPDJHWKUHVKROGIRU3ZLWKWKHXVHG ODVHUV\VWHPRI
-FPð7KLVWKUHVKROGZDVGHWHUPLQHGE\SODFLQJSXOVHVDWRQHVSRWIRUHDFKSXOVHHQHUJ\WHVWHG,WKROGVWUXHIRU










2QH SRVVLELOLW\ WR FODVVLI\ WKH ODVHU SURFHVVHG PDWHULDOV LV WR PHDVXUH WKH GLVFRORXUDWLRQ FDXVHG E\ WKHUPDO
GHFRPSRVLWLRQ 7KLV HIIHFW LV TXDQWLILHG E\ D FRORXULPHWULF PHDVXUHPHQW LQVWUXPHQW 6SHFWUR'HQV 7HFKNRQ ,W
DVVLJQHVDFFRUGLQJ WR(1,62Ä&RORULPHWU\ 3DUW&,(/DE&RORXU VSDFH³HYHU\PHDVXUHG
FRORXUDGLVWLQFWSRLQWLQWKHWKUHHGLPHQVLRQDO/DEFRORXUVSDFHDVVHHQLQ)LJ6XEVHTXHQWO\WKHVHSRLQWVDUH
XVHGWRGHILQHDǻ(YDOXHZKLFKLVWKHOHQJWKRIWKHYHFWRURIWKHGLVWDQFHRIWZRFRORXUSRLQWVLQWKLVV\VWHP7DEOH
 VKRZV D FODVVLILFDWLRQ RI WKHVH YDOXHV DV SHUFHSWHG E\ WKH KXPDQ H\H+HUH WKH XQSURFHVVHG SDSHU LV XVHG DV
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)LJ/DE&RORXUVSDFH
)RUDGHWDLOHGORRNRQWRWKHDEODWLRQRIWKHODVHUSURFHVVHGSDSHUDQ/DVHU6FDQQLQJ0LFURVFRSHZDVXVHG+HUH
HVSHFLDOO\ WKH WRSRJUDSK\ZDVGHSLFWHGDVZHOODVPLFURJUDSKVRI WKHPDFKLQHGPDWHULDOV IRU WKHXVDJHRIGHSWKV
PHDVXUHPHQWVZKLFKDUHVKRZQLQWKHQH[WFKDSWHU
([SHULPHQWDO5HVXOWV
)LJ  VKRZV H[HPSODU\ D IXOO PDWUL[ RI DEODWLRQ RI SDSHU 3 ZKHUHDV WKH \D[LV LQGLFDWHV WKH QXPEHU RI
WUDQVLWLRQVDQGWKH[D[LVWKHRYHUODSRISXOVHVȍKHUHQDPHG8(LQSHUFHQW$VFDQEHVHHQWKHKLJKHVWRYHUODSRI
 FDXVHG WKH PDWHULDO WR EXUQ PDNLQJ IXUWKHU DQDO\VLV LPSRVVLEOH DW WKHVH SDUDPHWHUV $V H[SHFWHG KLJKHU
WUDQVLWLRQVDQGKLJKHUȍOHDGVWRDVWURQJHUDEODWLRQRISDSHU
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ZDYHOHQJWK RI  QP VKRZ D FOHDU HQKDQFHPHQW RI WKLV HIIHFW +HUH WKH ODZQOLNH VWUXFWXUH LV FOHDUO\ YLVLEOH
ZLWKRXWDPLFURVFRSH
7KHDWWHPSW WRTXDQWLI\ WKHURXJKQHVVE\5DIRUH[DPSOHUHVXOWHG LQQRFOHDU WUHQGDQGGRHVQRW UHVHPEOH WKH
YLVXDOLPSUHVVLRQRI)LJ+HUHRWKHUZD\VRIGHILQLQJWKHVXUIDFHDQGLWVSURFHVVIRUPHGVXUIDFHSURSHUWLHVKDGWR
EHIRXQGOLNHLQGHSWK'VXUIDFHDQDO\WLFVDVWKHFRPSOH[VWUXFWXUHZLWKLWVXQGHUFXWVVHHPVWREHWKHSUREOHP
$OVR WKLVPDWUL[DEODWLRQFRPSOLFDWHG WKHDEODWLRQ WKUHVKROGGHWHUPLQDWLRQ+HUHQRFOHDUDEODWHGFLUFOHVFRXOGEH






PDUN+HQFH WKHUPDO GHJUDGDWLRQRI WKH SDSHU SOD\V D FUXFLDO UROH DQG QR FROG SURFHVV LV SRVVLEOH DW WKHVH ODVHU














LQ )LJ  +HUH QR GLIIHUHQFH LQ WKH DEODWLRQ EHKDYLRU EHWZHHQ WKH WZR PDWHULDOV FDQ EH REVHUYHG 7KH PDLQ
GLIIHUHQFHEHWZHHQ WKH WZRPDWHULDOV LV WKH WKLFNQHVV WKLVPHDQV WKDWQRKHDWFRQGXFWLRQ LQWR WKHUHPDLQLQJEXON






IOXHQFH)'HSHQGLQJRQ WKHHQHUJ\GHQVLW\DEODWLRQFDQFKDQJH LWVEHKDYLRUIURPDPRUHFROGSURFHVVDWD ORZ
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RYHUODSRIDERXW$OVRDVWURQJGLVFRORUDWLRQDWKLJKHURYHUODSFDQEHQRWLFHGDIWHUWKLVSRLQWVWDWLQJDWKHUPDO
SURFHVV +HUH WKH FRORXUVSDFH GHWHUPLQDWLRQ TXDQWLILHG WKH UHVXOWLQJ FRORXU FKDQJH DIWHU SURFHVVLQJ WKH SDSHU
)DOOLQJEHORZ WKH VWDWHGPDUNǻ(  IRU WKLV FKDQJHZDV QRW DFKLHYHG+HUH WKH GHFUHDVH RI WKH UHSHWLWLRQ UDWH
EHORZ  N+] FDQ SRVVLEO\ FKDQJH WKLV GUDZEDFN WKH LQGXFHG KHDW KDVPRUH WLPH WR GLVWULEXWH LQ WKH DPELHQW
PDWHULDODQGLVQRWDFFXPXODWHGDQGHQKDQFHWKHSURFHVVWRDSXUHFROGDEODWLRQZLWKRXWDQ\FRORXUFKDQJH










7KH UHVHDUFK SURMHFW ,*) 1 ZDV IXQGHG WKURXJK WKH $L) ZLWKLQ WKH SURJUDP ©SUHFRPSHWLWLYH MRLQW
UHVHDUFK,*)ªE\WKH*HUPDQ)HGHUDO0LQLVWU\RI(FRQRPLF$IIDLUVDQG(QHUJ\%0:LDQGFDUULHGRXWXQGHUWKH
XPEUHOOD RI WKH *HUPDQ )HGHUDWLRQ RI ,QGXVWULDO &RRSHUDWLYH 5HVHDUFK $VVRFLDWLRQV $L) :H ZRXOG OLNH WR
H[SUHVVRXUJUDWLWXGHIRUWKLVVXSSRUW
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